Background: Eosinophilic esophagitis (EoE) is a chronic and isolated inflammation of the esophagus, defined by an important infiltration of eosinophilic leukocytes. Only the histopathological study determines the diagnosis and evolution of the disease. Therefore, patients must undergo a large number of esophageal biopsies, with the risk involved in the procedure and the necessary resources.
Introduction
Eosinophilic esophagitis (EoE) is a chronic and isolated inflammation of the esophagus, defined by an important infiltration of eosinophilic leukocytes. Although the first cases of adults diagnosed of EoE, with dysphagia as a form of presentation, were described as early as 1975, it is not until 1995 that Kelly and Sampson define the EoE as a different pathology of the gastroesophageal reflux, with esophagitis, with a non-response to the conventional treatments, and that is characterized by an improvement to an elementary diet(1)(1)(1)(1) [1] . EoE is a more frequent disease in children than in adults and in a greater proportion in the male sex. The form of presentation varies with age, abdominal paint, dysphagia and impacted foods are the most frequent symptoms [2] . The histological diagnosis is defined by a cellular infiltration of the squamous epithelium equal to or greater than 15-20 eosinophils per high-power field.
The comorbidity of EoE with the presence of atopy is very frequent, which suggests that the recruitment of eosinophils in the esophagus may be the response to environmental antigens in genetically predisposed individuals [3] . High levels of IgE have also been found in tissues of patients with EoE, but its role in the pathogenesis is unclear [4] . Treatments are based on food restriction [5] , empirical or directed if data from skin tests or IgE determinations are available and pharmacological with proton pump inhibitors or corticosteroids [6] .
At present, we have not a specific non-invasive blood markers of the disease [7, 8] . Although high levels of specific IgE and peripheral eosinophilia can be found, these are not present in all patients and, when are shown, it is generally mild [9] . Only the histopathological study, based on the number of eosinophils present in esophageal biopsy (>15), determines the diagnosis and evolution of the disease. Diagnosis and treatment response monitoring in EoE requires endoscopically and histological examination of the esophagus. Therefore, patients undergo a large number of esophageal biopsies, with the risk involved and the required resources.
Easy and noninvasive methods would be highly desirable. Therefore, we hypothesize that parameters reflecting not only the amount of eosinophils but also their state of activation in peripheral blood could be easily attainable and it would represent a noninvasive marker to screen for diagnosis and monitor treatment response in EoE. The presence of active circulating eosinophils, quantifiable through the expression of specific proteins of cellular activation in their membrane, may be a concordant parameter with the histopathological findings that are currently the only valid parameters in EoE studies. J Investig Allergol Clin Immunol 2020; Vol. 31 (4) © 2020 Esmon Publicidad doi: 10.18176/jiaci.0489
Material and Methods
The activity of peripheral blood eosinophils from patients with EoE was analyzed by identifying on the surface, molecules expressed by the activated eosinophils by flow cytometry.
Samples for peripheral blood were collected in tubes containing EDTA-K, and 100μL were pretreated and analyzed by the flow cytometer FACScan (Becton Dickinson®). The results were compared with the infiltrate of eosinophils present in patient's esophageal biopsies. Esophageal biopsies are collected from the distal, medium and proximal part of esophagus. The largest number of eosinophils observed in the tissue is the one reported in the study. Both samples histological and blood were collected at the same moment.
Patients
The study has 43 individuals classified into four groups: healthy controls (n = 15), allergic patient controls (n = 9), active EoE patients (eosinophils present in esophageal biopsy >15) (n = 12) and inactive EoE patients (n = 7). All patients classified as EoE currently or previously had specific symptoms of EoE and in some of the histopathological studies performed or in the current one they presented more than 15 eosinophils. At the time of the study, none of the 19 EoE patients were being treated with corticosteroids. Nor was any undergoing treatment with proton pump inhibitors (PPI), although in 4 of them the treatment with PPI had been suspended due to adverse effects. All patients were on a food elimination diet or under study to begin it. In patients with EoE, the blood samples were obtained simultaneously with the endoscopy to take the histological samples of the esophagus. Patients with active EoE present allergy reactions to grass, olive, cereals, nuts and eggs, while inactive EoE had allergy to grass, cow-milk, eggs, nuts and fish as shown in table 1. The allergic controls correspond to patients with a recent allergy diagnosis and without prior treatment, these patients present symptoms like asthma or rhino conjunctivitis. In addition, patients of allergy group present allergy reactions to grass (55,5 %), olive (11,1%), hymenopterous (22,2%), cereals (11,1%), peach (11,1%), and fish (11,1%). Healthy controls, individuals with any pathology or suspected allergy were excluded of the study.
The study has been approved by the ethic committee of Hospital General Universitario of Ciudad Real in accordance with the Declaration of Helsinki, and the patients signed an informed consent.
Eosinophils Flow Cytometry
Monoclonal antibodies were used to identify the eosinophils by flow cytometry. Anti-human J Investig Allergol Clin Immunol 2020; Vol. 31(4) © 2020 Esmon Publicidad doi: 10.18176/jiaci.0489
Siglec-8 to identify the eosinophils in the cytometer and the following surface markers to identify the active eosinophils; CD69, alfa subunit of IL-5 receptor (IL5RA), CD44, ICAM-1 and CD63.
The eosinophils were identified using both, the expression of the surface protein Siglec-8 on cell populations and cellular complexity (SSC) as shown in Figure 1S 
Statistical analysis
The statistical analysis was carried out using the statistical program SPSS v21®. The Kruskal-Wallis test was performed to analyze for each cell activation marker differences in the means analyzing the four groups simultaneously. Significant results indicate that the four groups under study do not behave in a homogenous way. Mann-Whitney U test was performed comparing mean differences between two groups with respect to each cell marker. The Spearman test was used to verify the correlation between the activation markers and the number of eosinophils present in the biopsy. To assess the potential of the activation markers in the diagnosis and follow-up of the patients, ROC curve studies were performed. The ROC curve has been calculated from the data on the specific website for the calculation of ROC curves of the JHONS HOPKINS University School of Medicine (10) . Considering 0.5 as no discrimination capacity and 1 as optimal. A p<0.05 was considered statistically significant. GraphPad Prism was employed for obtaining the figures (GraphPad, San Diego, CA, USA). All results are expressed as mean ± standard error.
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Results
The mean age of the 43 patients analyzed in the present study was 40,44 years (± 11,33). Four were children under 12 years. In terms of distribution by sex, 33 were males and 10 females. Table   1 summarizes the demographic data of the defined four groups of patients. As show table 1, the most common IgE mediated allergies both, in the allergic control groups and patients with EoE 
Discussion
Given the burden of invasive testing with endoscopy and biopsy for diagnosis and monitoring of EoE, a non-invasive biomarker-based blood test would be of immense value.
Recently, several studies have been published as non-invasive diagnostic methods for EoE, in which different eosinophil degranulation markers were analyzed from patients´ serum, which are elevated in the esophagus of patients with EoE, by solid-phase sandwich immunoassay. These studies concluded that there were no significant differences between both groups, active and no active EoE patients [1] . In the present study, we analyzed the potential for five eosinophil activation markers. Previously some studies had shown that the eosinophils present in patients with EoE had a phenotype of activation markers that differed from healthy individuals and patients with other pathologies [11] . In a similar study, the possible modification of the peripheral blood eosinophil phenotype in patients with active EoE after corticosteroid treatment was investigated, for this purpose, surface marker such as CD18, CD44 or CD54 (ICAM-1) were analyzed. Low levels of CD18 on the eosinophils surface generating poor binding with ICAM-1 was concluded [12] .
However, in this study do not find decrease in CD54 as we described in our study, and on the contrary, they observe decrease in expression of CD44. The discrepancy of results can be explained because in their study they do not differentiate EoE activity in the patients, and the behavior may be different in patients with active disease or not. Otherwise in our work, surface marker expression was analyzed by flow cytometry using non-fractionated leukocytes in order to avoid spurious activation caused by immunomagnetic purification of eosinophils. To date, only the peripheral activation of eosinophils by means of morphological parameters has been studied, which requires great expertise and is difficult to standardize [13] . Our findings indicate that blood eosinophil phenotypes could be used to distinguish patients with EoE. Activated eosinophils are effector cells with proinflammatory and destructive capabilities. Eosinophils with activation phenotypes are observed in the specimens of esophagus of patients with EoE, and deposition of eosinophil products is clearly seen in these patients' affected tissues [14] .
It has already been postulated that the level of peripheral blood eosinophils holds promise as an EoE biomarker, although the incidences of peripheral blood eosinophilia in EoE patients (defined as more than 300/μL) might vary and be particularly influenced by factors such as the role of seasons or concomitant atopic conditions [15] [16] . Although in several studies a significant correlation between blood eosinophilia and eosinophilic esophageal tissue infiltration was reported [17] , in our study, the total number of eosinophils found in the peripheral blood was not different among the groups studied. Other works have also described the lack of correlation between blood eosinophils and those present in the esophagus [13] . J Investig Allergol Clin Immunol 2020; Vol. 31(4) © 2020 Esmon Publicidad doi: 10.18176/jiaci.0489
Eosinophils can in turn rapidly upregulate adhesive functionality to bind an array of counter ligands which can lead to further activation of downstream cytoplasmic signaling pathways that influence cellular responses that play a role in eosinophil survival and activation [18] . The finding that ICAM-1 expression was decreased in active EoE subjects is consistent with the concept that a pre-activation of circulating Eosinophils occurs in Eosinophilic Esophagitis. These biological properties of circulating eosinophils may, at least partially, explain the substantial migration of these activated cells into target tissue that occurs during acute EoE. Cytokines and chemokines are able to pre-activate eosinophils and increase adhesion molecule expression and cell homing. Several studies in severe asthma have observed transient or stable downregulation of key adhesion molecules on blood eosinophils, which may reflect a high degree of ongoing extravasation in which eosinophils with the highest expression of activated integrins may be efficiently and continuously removed from the circulation [19] . Activation of eosinophils appears to be a reliable indication of what will happen when these cells migrate to esophageal tissue. It is possible that because of their more activated state, eosinophil degranulation will occur in the target tissue, resulting in esophageal tissue damage in EoE patients. Induction of ICAM-1 and HLA-DR, has been previously described as a response to eosinophil-endothelial interaction and is thought to be a consequence of trans endothelial migration in general [20] . Other works have also found a negative co-relationship between active disease and adhesion molecules or chemokine receptor [21] .
For the rest of the parameters analyzed in the present work, we did not find any difference between the different groups studied nor between active and non-active EoE patients. Possibly these activation markers are expressed at the esophageal level mediated by locally produced factors such as periostin, facilitating the infiltration of eosinophils in the esophagus [22] . Therefore, no changes of its expression in blood eosinophils are observed Actually, gastrointestinal endoscopy and histopathological examinations of biopsy specimens are considered the only method available to diagnose EoE, as well as for monitoring the activity of EoE despite this method is severe for the patients [23] . For this reason, we have proposed, like a non-invasive method, to study the activity of eosinophils in peripheral blood. Several promising minimally invasive biomarkers for EoE have emerged; however, few are able to differentiate EoE from other atopic diseases. The most commonly reported biomarkers were peripheral blood eosinophils, blood and string eosinophil granule proteins, and eosinophil surface or intracellular markers [7] . Regarding our study and in view of the results discussed previously, we can observe that there is significant difference in the expression of the ICAM-1 marker between patients with active and inactive EoE, observing a decrease in the expression of this marker in patients with active EoE. 
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